Historic,  archived  document 

Do  not  assume  content  reflects  current 
scientific  knowledge,  policies,  or  practices. 


,4 

i 


V 


SERVICE 


AcflfARY>^0REST  SERVICE  BERKELEY 

=  ^\   U.  S.  FOREST 


FOREST  AND  RANGE  EXPERIMENT  STATION  •  u.s.  department  of  agriculture  •  Portland,  oregon 


PNW-72 


December  1967 


TWO-YEAR  RESULTS  OF  A  WEST-EAST  TRANSECT- PROVENANCE  TEST 

OF  DOUGLAS-FIR  IN  OREGON 

by  Frank  Sorensen 
Associate  Plant  Geneticist 


INTRODUCTION 

This  2-year  exploratory  seed  source  test  was   started  pri- 
marily to  identify  breaks  in  response  patterns  of  Douglas-fir  along  a 
west-east  transect,   so  that  these  breaks  could  be  characterized  in 
more  detail  later.    As  planting  and  the  tree  improvement  program 
expand  in  the  Douglas-fir  region,  it  becomes  more  and  more  impor- 
tant that  such  characterization  be  done,  and  it  is  hoped  that  explora- 
tory studies  such  as  this  can  give  direction  to  the  effort.    A  transect 
running  through  Corvallis,  Oregon,  was  an  appropriate  place  to  start 
in  this  case  since  parts  of  this  transect  have  been  investigated  in 
previous  genetic  and  phenology  studies  (Irgens-Moller  1957,   1  967, 
Silen  1963,  Silen  and  Krueger  1962), 

MATERIALS  AND  METHODS 

Single-tree  seed  collections  were  made  at  eight  locations 

along  a  west-east  transect  across  Oregon  from  the  Coast  Ranges  into 

southwestern  Idaho.    Information  on  sources  is  given  in  table  1.  Seeds 

1  / 

were  germinated  under  standard  conditions—'  in  a  commercial  germi- 
nator.    After  germination  they  were  sown  at  3-  by  3-inch  spacing 


—    Conditions  used  at  Seed  Testing  Laboratory  at  Oregon  State 
University . 


Table  1. — Description  of  sources  of  Douglas-fir  seeds  along  a 


west-east  transect  across  central  Oregon 


Seed  source 

Latitude 

Longitude 

Elevation 

Number  of  trees 
in  collection 

Geographic 
description 

Feet 

Burnt  Woods 

44° 

35' 

123° 

40' 

700 

8 

West  side, 
Coast  Ranges 

Corvallis 

44° 

40' 

123° 

15' 

400 

6 

East  foothills, 
Coast  Ranges 

Lacomb 

44° 

35' 

122° 

40' 

900 

6 

West  foothills, 
Cascades 

Lava  Lakes 

44° 

30' 

122° 

00' 

3,500 

(1/) 

High  Cascades — 
west  side  of 
d  i  vi  de 

Santiani  Pass 

44° 

25' 

121° 

50' 

D 

High  Cascades—— 
just  east  of 
divide 

Metolius 

44° 

30' 

121° 

40* 

3,000 

6 

East  Cascades 

Malheur 

43° 

50' 

119° 

50' 

5,400 

2 

Ochoco  Mountains — 
eastern  Oregon 

Owyhee 

43° 

10' 

116° 

45' 

5,800 

4 

Owyhee  Mountains — 

southeastern  Idaho 


—  Collected  by  M.  Newton  and  J.  Zavitkovski  of  Oregon  State  University;  all  other 
lots  collected  by  author.  No  record  made  of  exact  number,  but  estimated  to  be  three  to 
five . 


in  randomized  complete  block  design  in  Chehalis  loam  soil  under  40- 
percent  shade  in  cold  frames  at  Corvallis.    Seeding  in  cold  frames 
was  started  May  15.    Shading  was  removed  at  end  of  the  first  growing 
season.    The  eight  sources  were  represented  by  six  10-tree  rows,  one 
row  per  block.    The  following  measurements  and  observations  were 
made  on  seeds  and  seedlings.    Counts  or  measurements  on  all  traits 
except  seed  weight  were  subjected  to  analysis  of  variance. 

1.  Seed  was  carefully  cleaned  before  weighing.    Weight  of  100 
seed  was  calculated  from  an  approximately  200- seed  sample 
which  was  germinated  for  outplanting. 

2.  Cotyledon  numbers  were  counted. 
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3.  Seedlings  were  observed  Friday  morning  of  each  week  through 
the  summer  of  first  growing  season.     Date  of  first  appearance 
of  terminal  bud  was  recorded.    If  the  seedling  broke  bud  again, 
date  of  first  appearance  of  final  bud  was  recorded.    The  week 
of  July  5,    1  965,  was  treated  as  week  1  and  subsequent  weeks 
as  2,   3,  etc. 

4.  Height  of  the  epicotyl  to  base  of  terminal  bud  was  measured 
at  end  of  the  first  growing  season. 

5.  Seedlings  were  observed  Monday,  Wednesday,   and  Friday  of 
each  week  during  period  of  bud  burst  in  spring  of  second  grow- 
ing season.     Date  when  needles  of  terminal  bud  could  first  be 
observed  through  parting  scales  was  recorded.    April  1  was 

t  r eated  as  day  1  . 

6.  Total  seedling  height  to  base  of  terminal  bud  was  measured 
at  end  of  the  second  growing  season. 

Precipitation  and  temperature  records  were  obtained  for  weather 
stations  nearest  to  the  seed  collection  points.    Some  of  these  weather 
stations  collected  only  small  amounts  of  data,   so  only  average  annual 
and  average  July- August  precipitation  and  average  January  and  July 
temperatures  were  extracted  for  comparison  with  seed  source  perfor- 
mance.   Locations  of  weather  stations  are  given  in  table  2. 

All  analyses  of  variance  except  that  of  average  date  of  bud  burst 
were  made  on  transformed  data- -square  root  transformation  for  coty- 
ledon numbers  and  log^Q  transformation  for  other  observations. 
Averages  listed  in  table  3  are  reconverted  from  transformed  data. 
Differences  between  individual  means  were  established  with  a  Tukey 
test  and  these  differences  are  also  listed  in  table  3. 

RESULTS 

Results  of  observations  of  seedlings  are  listed  in  table  3. 
Weather  records  for  weather  stations  near  points  of  seed  origin  are 
listed  in  table  2.     Based  on  height  growth  during  the  first  2  years  and 
date  of  bud  set  the  1st  year,  the  eight  sources  separate  into  three 
rather  distinct  groups.     Three  low-elevation  sources  spanning  the 
Coast  Ranges  and  foothills  of  the  Cascades  make  up  one  group,  three 
sources  from  high  elevation  in  the  Cascades  make  up  a  second,  and 
two  sources  from  eastern  Oregon  and  southwestern  Idaho  constitute 
the  third, 
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Table   3. — Comparison  of  Houglas-fir  seedlings   of  ci^ht   soi'J  sources  a  lung  a  west-east 
tr.niM'ii    across   i 're  con   h,i-.rci   on   cirlv   r.r-'wth   i  luir.nU  ■  r  i  s  I  i  i  s 


Seed  source 

Average  seed 
weight 

Average 
cotyledon 
number 

Average  date 
of  bud  set, 
1st  yeari' 

Average  epi- 
cotyl  height, 
1st  year 

Average  date 
of  bud  burst, 
2d  yearZ.1 

Average 
height , 
2d  year 

Grams  per 

100 

so  eci  s 

 Mm^  

—  Mm.— 

Burnt  Woods 

1 

17 

6 

65 

3/ 
a- 

11 

.6 

3/ 
a- 

40.9 

3/ 
a~ 

19 

.9 

3/ 
a— 

267  a— 

Corvallis 

1 

18 

7 

10 

ab 

9 

.6 

ab 

32.8 

ab 

3 

.2 

b 

234  a 

Lacomb 

1 

10 

6 

77 

ab 

10 

.5 

a 

38.8 

ab 

8 

.3 

c 

260  a 

Lava  Lakes 

1 

02 

7 

35 

c 

6 

.9 

c 

17.8 

c 

6 

.9 

be 

136  b 

Santiam  Pass 

1 

07 

6 

19 

a 

7 

.5 

be 

19.2 

c 

8 

.4 

c 

131  b 

Metollus 

1 

34 

7 

11 

abc 

7 

.4 

be 

23.7 

be 

5 

.2 

be 

166  b 

Malheur 

1 

57 

8 

00 

d 

1 

.6 

d 

5.6 

d 

7 

.1 

be 

78  c 

Owyhee 

1 

70 

7 

78 

cd 

A/l 

.0 

d 

4.2 

d 

5 

.4 

be 

65  c 

—  Number  of  weeks  after  July  1. 
21 

—  Number  of  days  after  April  1. 
3/ 

—  Tukey  tests  have  indicated  that  any  means  with  a  common  letter  are  not  significantly 
different  at  the  5-percent  level. 

4/ 

—  Average  date  should  probably  be  earlier  than  first  week  of  July.  Observations  started  this 
week,  but  majority  of  Owyhee  seedlings  had  already  set  bud.     Remainder  set  bud  this  week. 


Comparison  of  dates  of  bud  burst  in  the  second  spring  indicates 
a  further  differentiation  among  sources  of  the  first  group--Corvallis 
seedlings  burst  bud  earlier  and  coastal  seedlings  (Burnt  Woods)  con- 
siderably later  than  any  other  source. 

DISCUSSION 

As  already  reported  by  Irgens-Moller  (1957,   1967),  the  most 
distinct  differences  in  seedling  phenology  are  found  between  sources 
from  east  foothills  of  the  Coast  Ranges  and  from  west  side  of  the 
Willamette  Valley.    The  most  easterly  of  the  coastal  sources  tested 
by  Irgens-Moller  is  separated  from  the  Corvallis  source  by  only  about 
11  air-miles  and  400-foot  elevation,  yet  their  average  dates  of  bud 
burst  are  very  different.    It  is  assumed  that  this  sharp  change  in 
phenology  of  Douglas-fir  seedlings  over  such  a  short  distance  is  in 
response  to  a  fairly  sharp  break  in  oceanic  influence.    For  example, 
it  is  known  that  average  precipitations  at  Corvallis  and  the  nearest 
station  to  the  west,  Summit  (about  14  miles  away),  differ  greatly 
(table  2).    What  is  not  known,  however,  is  just  how  sharp  climatic 
and  phenologic  transitions  are,  just  where  they  occur,  and  whether 
environmental  factors  other  than  climatic  are  involved. 
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If  transition  zone  or  "break"  is  based  solely  on  presence  or 
absence  of  a  certain  oceanic  influence,  it  probably  weaves  an  irregular 
pattern  north  and  south  along  east  slopes  of  the  Coast  Ranges,  influenced 
more  perhaps  by  hills  to  the  west  of  it  than  by  any  absolute  altitude  or 
distance  from  the  coast.    Locating  of  a  line  along  the  "break"  for  seed 
zone  or  tree  improvement  purposes,  then,  would  not  be  a  matter  of 
following  any  particular  topographic  feature,   such  as  a  ridge,  but 
rather  of  finding  some  method  of  estimating  penetration  inland  of 
oceanic  influence. 

A  second  interesting  east- side  behavioral   pattern  also  occurs 
on  east  slopes  of  the  Cascades.    Both  weather  data  in  table  2  and  per- 
sonal observations  at  the  eastern  fringe  of  Douglas-fir  in  the  Cascades 
(Metolius  source)  indicate  that  growing  conditions  there  differ  consider- 
ably from  those  found  in  the  high  Cascades  to  the  west  and  are  probably 
more  like  eastern  Oregon  conditions.    Yet,  seedling  phenology  and 
growth  appear,  on  the  contrary,  to  be  much  more  typical  of  high  Cas- 
cades seedlings  than  of  inland  seedlings  (table  3).    This  again  implies 
that  certain  important  adaptive  changes  in  Douglas-fir  of  western 
Oregon  may  be  found  to  occur  at  quite  a  distance  from  a  distinct  geo- 
graphic feature,   such  as  crest  of  a  mountain  range. 

The  third  and  most  expected  break  in  both  weather  patterns  and 
seedling  growth  habits  was  between  low-and  high-elevation  sources  from 
the  Cascades.    The  gap  between  sampled  elevations  was  large,  almost 
2,  500  feet,  and  not  much  can  be  said  about  the  nature  of  the  elevational 
cline  until  more  sampling  is  done. 

Sweet  (1  965)  noted  that  there  was  little  relation  between  average 
date  of  terminal  bud  burst  of  a  number  of  widely  scattered  coastal 
Douglas-fir  provenances  and  climate  of  seed  source  when  the  plants 
were  grown  in  New  Zealand.    When  we  compare  the  three  seed  sources 
which  originated  near  major  weather  stations,  the  same  can  be  said  for 
the  seedlings  raised  in  Corvallis.    That  is,  average  seedlings  from 
Corvallis,  Lacomb,  and  Metolius  burst  bud  April  3,  8,  and  5,  respec- 
tively, when  grown  in  Corvallis  (table  3).    Average  dates  of  last  killing 
spring  frost,  as  recorded  at  weather  stations  near  Corvalliss  Lacomb, 
and  Metolius,  were  April  12,  May  3,  and  June  17,   respectively;  average 
lengths  of  frost-free  season  were  202,  163,  and  62  days.    Thus,  it 
appears  that  inherent  time  of  initiation  of  spring  growth  in  Douglas-fir 
has  not  been  determined  solely,  or  even  to  a  large  degree,  by  selection 
pressures  associated  with  frost-free  period.    This  relationship  warrants 
further  investigation. 
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Squillace  and  Silen  (1962)  found  that  height  growth  of  ponderosa 
pine  progenies  from  seed  sources  throughout  its  range  in  Western 
United  States  was  strongly  correlated  with  moisture  distribution  ex- 
pressed by  Septembe r-through- June  precipitation  as  percent  of  annual 
precipitation.    The  same  relationship  was  tested  using  more  limited 
area  sampled  in  this  test  and  again  found  to  be  quite  close  (r  =  0.  65, 
n  =  8).  though  not  significant     Metolius  source  was  furthest  outside 
the  general  pattern,  and  when  it  was  removed  from  the  analysis,  the 
relationship  improved  (r  =  0,  83,  n  =  7)  and  reached  significance 
(p  <0,  05).    This  further  emphasizes  the  uniqueness  of  the  Metolius 
seedlings  in  that,  at  Corvallis,  they  develop  much  like  high  Cascades 
seedlings,  although  the  environment  in  which  they  evolved  appears 
quite  different  from  high  Cascades 

CONCLUSION 

Important  and  rather  sharp  transitions  in  seedling  growth  habit 
appear  to  be  associated  with  eastern  slopes  of  Coast  and  Cascade 
Ranges  in  the  Pacific  Northwest,    If  it  is  desirable  to  locate  and  char- 
acterize these  transition  zones  for  either  seed  collection  or  research 
purposes,  present  exploratory  results  indicate  that  quite  intensive 
sampling  of  both  environment  and  Douglas-fir  may  be  necessary* 

SUMMARY 

Seed  from  eight  sources  of  Douglas-fir  along  a  west-east 
transect  across  Oregon  were  grown  through  2  years  of  age  in  a  nursery 
bed  near  Corvallis,  Oregon,     Based  on  height  growth  and  date  of  lst- 
year  bud  set,   sources  can  be  separated  into  three  groups  with  consider- 
able similarity  within  groups  and  striking  differences  between  them, 
Relationships  between  growth  patterns  and  climatic  and  topographic 
variables,  and  the  implications  of  these  relationships  to  further  studies 
in  coastal  Douglas-fir,   are  discussed. 
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